The growth of Chyomatium sp. in Lake Kaiike, a small coastal lake on the Kamikoshiki Island, was considered from the viewpoint of growth responses of Chyomatium sp. in culture to different gradients of environmental factors such as temperature, light, pH and H2S. In July, 1978, Clhromatium sp.
Introduction
In recent years considerable progress has been made in the ecological studies on photosynthetic sulfur bacteria in lakes. SOROKIN (1970) elucidated the role of these bacteria in organic matter production in Lake Belovod and showed that Czromatium was very effective as a food for zooplankton in the lake. TAKAHASHI and ICHIMURA (1970) obtained a comparable result showing the important role of these bacteria as an organic matter producer in several lakes in Japan. GORLENKO and KUZNETSOV (1972) showed that photosynthetic bacteria (l0 different purple, brown and green species) crowded the upper part of the H2S layer in a karst lake in the Mani Republic and they were closely interconnected, having competitive, symbiotic and parasitic relations. CALDWELL and TIEDJE (1975a, b) studied the morphological characteristics of these bacteria freshly collected from the hypolimnia of some lakes in Michigan and reported detailed vertical distributions of these bacteria ; they were found sequentially layered below the thermoclines. Lake Kaiike (surface area: 0.15 km2 ; maximum depth : 11.0 m), located on the north coast of the Kamikoshiki Island, has a marked two-layered structure; the lower part is occupied by ,seawater and run-off water covers the layer. The author has made some limnological studies on the lake (MATSUYAMA, 1977 (MATSUYAMA, , 1978 and elucidated the role of C?romatium sp., which densely populated the upper part of the H2S layer, as a food supporting high zooplankton biomass in the lake (MATSUYAMA and SHIROUZU, 1978) .
The purpose of the present study is to consider the growth of C2romatium sp. in the lake with reference to the growth responses of Chromatzum sp. to different culture conditions in the laboratory.
Methods
The data used were from field observations at Lake Kaiike conducted in July, 1978, and from laboratory experiments on the growth of Chromatium sp, isolated from the lake. Samplings in Lake Kaiike were made at a station with a maximum depth using a 31 VAN DORM sampler. Samplings for measurement of a fine profile of assimilation rate were made with a microsampler designed by BAKER (1970) , although it was slightly modified by the author. A glass thermometer was used for measurement of water temperature.
Underwater light was measured with a selenium submerged photometer. Chlorinity of water was determined by the MOHR-KNUDSEN method and pH was measured colorimetrically. Dissolved 02 was measured by the WINKLER titration method. H2S was determined by the iodometric titration method of CdS precipitate which was formed by addition of CdCO3 suspension into H2S containing sample (AMERICAN PUBLIC HEALTH ASSOCIATION, 1965) . Samples for enumeration of Chromatium sp. were kept under a cool and dark condition and counted using a haemacytometer usually within 5 hours after collection. The similar method was used for measurement of density of Chromatium sp. in the laboratory experiment. Carbon assimilation rate was measured by the in situ method using '4C-HCO3- (STEEMANN NIELSEN, 1952) .
Culture Medium and Growth Conditions
for Chromatium sp.
Chromatium sp. used for the present study was isolated from the upper part of H2S layer of Lake Kaiike, where the bacterial population was so dense that it appeared as a pink layer. The FULLER'S inorganic medium described by BOSS (1963) was employed for isolation and subsequent culture for the experiments on the growth of Chromatium sp., although it was slightly changed. The water from which Chromatium sp. were collected had a high chlorinity near that of seawater, but isolated Chromatium sp. can grow well in the medium of NaCI concentration less than 10 g/l. So 0.3 O/ NaCI was added to the medium (but salinity of the medium was high, roughly equal to seawater). The medium was composed of the following ingredients: 0.2g Na25 9H20 0.1 g Distilled water to 500 ml Solutions 1 and 2 were autoclaved separately, then cooled. To solution 1 1.0 ml conc. HCI was added. Solution 2 was poured into 1 slowly. Final pH was brought to 7.8-8.0 by addition of dilute HC1. The growth experiments were carried out in 130 ml glass bottles into which the medium was filled and then closed in with groundglass stoppers after inoculation. In many cases the bottles were placed in a bath adjusted to a temperature at 30CC. Illumination was provided with one or two 100 w incandescent lamps placed at a distance of 50-60 cm above the bottles and adjusted so as to give uniform light intensity on the bottle surfaces. The bottles were manually swirled twice a day.
Development of Chromatiumi sp. in the first culture for isolation from the lake water was usually perceptible within one month. Four or five transfers were made successively in a similar medium in order to make the culture free from other bacteria to a certain extent. After obtaining a reasonable homogeneous culture, confirmed by direct microscopic examination, Chromatium sp, was used for the subsequent experiment.
Growth of Chromatium sp, commenced immediately after inoculation and the logarithmic growth phase continued from 2 to about 6 days after inoculation. Thereafter, the culture entered the stationary growth phase. The maximal bacterial density was of the order of 10$ cells/ml.
During the logarithmic growth phase the cultures were chalky-pink to peach-red in color. When the culture entered the stationary growth phase, they turned to deep-red probably due to disappearance of sulfur previously stored in the medium or inside of the cells (SCHLEGEL and PFENNIG, 1961) . Inocula for the growth experiments were obtained from the cultures in the logarithmic growth phase. Each culture bottle used for the same experiment set was inoculated at the same initial cell density. A few of the culture bottles, into which the lake water was inoculated, exhibited a chocolate-brown color, probably due to predominant development of other bacteria. The spectra of methanol extract of them were similar to those of Chlorobiurn reported by KONDRATE'VA (1963) . Hence, it seems probable that other photosynthetic bacteria also inhabit the upper part of the H2S layer of Lake Kaiike. Fig. 2 shows the vertical distributions of chlorinity, temperature, pH, dissolved 02 and H2S in Lake Kaiike in July, 1978. Surface water had a chlorinity of 11 Chlorinity increased from 2 m to 3.5 m depth. Further downward change, however, became less pronounced and bottom water had a value of 18.80 0o. Temperature increased in the water below 2 m depth and it attaind to 36.5°C at 3 m depth. Then, it fell to 7 m depth. Water temperature at deeper layer remained at 21L0. 1 °C. Upper water had a pH of 8. 2, but it gradually fell from 3 m depth to a value of 7.7 at 6.5 m depth.
Field Observations
Below the depth further change was not observed. Dissolved 02 was saturated in the upper water and a maximum occurred at 3 m depth, attaining 190 °o saturation. Then, it rapidly decreased and disappeared at 5 m depth. H2S appeared at the same depth and increased downwards, attaining to a maximum of 9.3 mg S/l at 9 m depth. Electron micrographs of Chromatium sp. isolated from Lake Kaiike.
A : shadowed prepartion, B : replica. curves showed sharp breaks at 3-3.5 m depth, beyond which light rapidly attenuated. Chromatium sp. populated densely at 4.5-5 m depth and attained to 2x106 cells/ml, where only a limited fraction of radiation, less than 1% of light intensity just beneath the surface, was detected. Fig. 4 shows the vertical distribution of the assimilation rate of carbon in Lake Kaiike in July, 1978, Maxima under light condition were found at 2 and 5 m depths. From the microscopic examination of water taken from 5 m depth, the highest assimilation, which attained to 700 mg C m_3 dayY1, Vertical distributions of environmental factors in Lake Kaiike (20 July, 1978). Vertical light transmission and Chromatium sp. in Lake Kaiike (26 October, 1977 and 20 July, 1978) . Light transmission was illustrated on a semilogarithmic scale as percentages of light intensity just beneath the surface. Vertical profile of the assimilation rate of carbon in Lake Kaiike (20 July, 1978) . Light light bottles, Dark; dark bottles.
was attributable mostly, if not exclusively, to Chromatium sp. Fig. 5 shows the vertical variations of the assimilation rate of Chromatium sp. incubated at different depths in Lake Kaiike for 24 hours after addition of '4C-KC03-. Maximal population of Chromatium sp.
was found at 5 and 4.5 m depth in June and October, 1977, respectively. In June and October, 1977 , the assimilation rate markedly increased when they were incubated at shallower depths, although some depression was found near the surface, probably due to photoinhibition.
In July, 1978, however, the assimilation rate decreased at 3-3.5 m depth, where temperature was as high as 36°C. Fig. 6 shows the effect of temperature on the growth of laboratory-cultured Chromatium sp. The temperature at which the maximal growth occurred was 30°C. At temperature higher than 30°C, Chromatium Assimilation rate of Chromatium sp. incubated at different dephths and verical distribution of temperature in Lake Kaiike (2 June, 1977 , 26 October, 1977 , and 20 July, 1978 . Arrows indicate the depths where water samples containing Chromatium sp. were taken. sp. grew poorly or not at all . As shown in the previous papers (MATSUYAMA, 1977 (MATSUYAMA, , 1978 , temperature of lake water at 3-3.5 m depth rose considerably during spring and autumn; in particular, it climbed to 39°C in August. Assimilation of phytoplankton in this layer as well as that of Chyomatium sp. just beneath the depth was reduced in this period (MATSUYAMA and SHiRouzu, 1978) . This fact suggests that when temperature exceeds 30°C the assimilation rate of Chyomatium sp. decreases. Thus, the decrease in the assimilation rate of Chyomatium sp, incubated at 3-3.5 m depth in July, 1978, seems to be correlated with higher temperature at this depth. could not grow at all. Therefore, the pH of the in situ water evidently has an important effect on the development of Chromatium sp. Fig. 9 shows the growth of Chromatium sp, in a standard media furnished with different amount of Na2S as the sole sulfur source. Of course, most of the added Na2S seems to be altered into the H2S and HSforms under the pH of the media. In the early period of the culture, the growth in the media to which large amounts of Na2S
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were added was slower than in the media with small amounts of same. But the growth in the former media began to increase gradually and finally reached to higher bacterial densities than the latter media, although no significant growth was found in the media to which more than 140 mg S/l of Na2S was added during the experimental period. Thus, it may be assumed that Na2S is indispensable for the growth of Chromatium sp., but addition of a relatively large amount of Na2S gives rise to some restrictive effect on the growth. Possibility of the rise of the pH in the media caused by addition of Na2S must be considered.
However, the addition to the inoculated media of Na2S solution with pH adjusted to 8.0 exhibited essentially the same growth curves.
Slight growth of Chromatium sp. in the media without addition of Na2S is probably due to sulfur previously stored in the inoculating suspension.
Discussion
As shown in Fig. 5 , when Chromatium sp, was incubated at depths shallower than the one where it was collected, the assimilation rate increased considerably. Thus, the in situ light condition is not optimal for growth.
From the data of incident radiation at Kagoshima (TOKYO ASTRO-NOMICAL OBSERVATORY, 1977), about 80 km southeast of the lake, and the vertical light transmission in Lake Kaiike (Fig. 3) , light intensity reaching the upper part of the habitat of Chromatium sp. could be estimated as 200 lux in a maximum. This value lies within the range where the growth of Chromatium sp, increases proportionally to light intensity (Fig. 7) . Hence, the in situ light condition is taken to be an important factor in controlling the growth of Chromatium sp. Neverthless, it must be recalled that Chromatium sp. cannot move upwards beyond the algal compensation depth, which is usually taken to be the depth showing 1 % of surface light intensity (RUTTNER, 1963) , or 400-600 lux light intensity (ICHIMURA, 1956 ).
In the water above the compensation depth, there is a net production of 02 by algal photosynthesis and it never permits the growth of Chromatium sp., because H2S is indispensable for the latter (Fig. 9) . In other words, penetrating light is apt to be preferentially used by phytoplankton and only a limited fraction of less than of surface light is available for Chromatium sp. Therefore, the fact that the habitat of Chromatium sp. is regularly found at the middle layer of 4.5-6 m depth in the lake (MATSUYAMA and SHIROUZU, 1978) may be because Chromatium sp, can thrive only under-such a reduced light condition, although this bacterium can grow considerably better at higher light intensity. This suggests that the light condition does not have so pronounced an effect on the in situ growth of Chromatium sp, as might be expected from the light-growth relation in Fig. 7 .
As seen in Fig. 9 , the addition of Na2S to the culture media is indispensable to the growth of Chromatium sp, and the maximal bacterial density increased in direct proportion to the amount of Na2S added up to about 60 mg S/l. (Since no marked growth was found after-8 days of culture, the bacterial densities during 8-12 days were assumed to represent the maximal densities.) This indicates that the growth of Chromatium sp. is quite possibly related to the concentration of H2S within the range. Since the concentration of H2S in the water around the habitat of Chromatium sp. was about 3 mg S/t (Fig. 2) , the in situ growth of Chromatium sp. is expected to increase with increasing concentration of H2S. As shown in the previous paper (MATSUYAMA and SHIRouzu, 1978) , the assimilation rate of Chromatium sp, was apt to increase considerably during late spring and early autumn when seawater entered the lower part of the lake and deeper H2S-containing water was expelled to the upper part through the layer of Chromatium sp. except for midsummer; during this period the bacterial assimilation rate was decreased for the reason already mentioned. This high assimilation rate of Chromatium sp, during these periods is probably due to a rapid supply of H2S accumulated in the deeper water. Of course, inorganic nutrients such as NH4+ and PO42-, which were also accumulated in the deeper water, must be considered. However, the addition of these substances into Chromatium sp. culture could not cause such a marked growth of the bacterium as by Na2S, as shown in Fig. 9 (unpublished data). Therefore, it may be supposed that the in situ growth of Chromatium sp. is closely dependent upon the rate at which H2S-containing water is supplied to the habitat of Chromatium sp.
Since most of the H2S in the deeper water can be thought to have originated from bacterial sulfate reduction accompanied with organic matter decomposition, growth of Chromatium sp, is dependent upon the bacterial sulfate reduction.
Therefore, it may be questionable to regard Chromatium sp. as a primary organic matter producer simply from its ability to use radiant energy and inorganc carbon. The fact that a major part of organic matter production is brought about by Chromatium sp. in Lake Kaiike (MATSUYAMA and SHIROUZU, 1978) suggests that not only zooplankton (which densely swarmed just above the habitat of Chromatium sp. probably to eat the bacterium) but also the bacterial sulfate reduction is directly or indirectly sustained by organic matter synthesized by Chromatium sp. Thus, composition and decomposition processes of organic matter connected with SO42--H2S transformation have an essential part in the biological metabolism in Lake Kaiike. The environmental and biological factors of the lake which may support such an active, interdependent relationships would be one of the problems worthy of further research. 
